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Description 

FIELD OF THE INVENTION 

s [0001] This invention relates in general to imaging elements, such as photographic, electrostatographic, and ther- 
mal imaging elements comprising a support, an image forming layer and an abrasion resistant electrically-conductive 
layer. More specifically, this invention relates to electrically-conductive layers containing an electrically-conducting pol- 
ymer and a polymeric binder wit a tensile elongation to break of at least 50% and a Young's modulus measured at 2% 
elongation of at least 50000 psi and to the use of such layers as to provide protection against the accumulation of static 

w electrical charges before and after photographic processing and to provide a tough but flexible backing layer capable of 
resisting abrasion and scratching. 

BACKGROUND OF THE INVENTION 

15 [0002] The problem of controlling static charge is well known in the field of photography. The accumulation of 
charge on film or paper surfaces leads to the attraction of dirt which can produce physical defects. The discharge of 
accumulated charge during or after the application of the sensitized emulsion layer(s) can produce irregular fog patterns 
or "static marks" in the emulsion. The static problems have been aggravated by increases in the sensitivity of new emul- 
sions, increases in coating machine speeds, and increases in post-coating drying efficiency. The charge generated dur- 

20 ing the coating process may accumulate during winding and unwinding operations, during transport through the coating 
machines and during finishing operations such as slitting and spooling. Static charge can also be generated during the 
use of the finished photographic film product. In an automatic camera, the winding of roll film in an out of the film car- 
tridge, especially in a low relative humidity environment, can result in static charging. Similarly, high speed automated 
film processing can result in static charge generation. Sheet films (e.g., x-ray films) are especially susceptible to static 

25 charging during removal from light-tight packaging. ' 

[0003] It is generally known that electrostatic charge can be dissipated effectively by incorporating one or more 
electrically-conductive "antistatic" layers into the film structure. Antistatic layers can be applied to one or to both sides 
of the film base as subbing layers either beneath or on the side opposite to the light-sensitive silver halide emulsion lay- 
ers. An antistatic layer can alternatively be applied as an outer coated layer either over the emulsion layers or on the 

30 side of the film base opposite to the emulsion layers or both. For some applications, the antistatic agent can be incor- 
porated into the emulsion layers. Alternatively the antistatic agent can be directly incorporated into the film base itself. 
[0004] A wide variety of electrically-conductive materials can be incorporated Jnto antistatic layers to produce a * 
wide range of conductivity. These can be divided into two broad groups: (i) ionic conductors and (ii) electronic conduc- 
tors. In ionic conductors charge is transferred by the bulk diffusion of charged species through an electrolyte. Here the. 

35 resistivity of the antistatic layer is dependent on temperature and humidity. Antistatic layers containing simple inorganic 
salts, alkali metal salts of surfactants, ionic conductive polymers, polymeric electrolytes containing alkali metal salts, 
and colloidal metal oxide sols (stabilized by metal salts), described previously in patent literature, fall in this category 
However, many of the inorganic salts, polymeric electrolytes, and low. molecular t weight surfactants used are water-sol- 
uble and are leached out of the antistatic layers during photographic processing, resulting in a loss of antistatic function. 

40 The conductivity of antistatic layers employing an electronic conductor depends on electronic mobility rather than ionic 
mobility and is independent of humidity. Antistatic layers which contain semiconductive metal halide salts, semiconduc- 
tive metal oxide particles, etc., have been described previously. However, these antistatic layers typically contain a high 
volume percentage of electronically conducting materials which are often expensive and impart unfavorable physical 
characteristics, such as color or reduced transparency, increased brittleness and poor adhesion, to the antistatic layer. 

45 [0005] Colloidal metal oxide sols which exhibit ionic conductivity when included in antistatic layers are often used 
in imaging elements. Typically, alkali metal salts or anionic surfactants are used to stabilize these sols. A thin antistatic 
layer consisting of a gelled network of colloidal metal oxide particles (e.g., silica, antimony pentoxide, alumina, titania, 
stannic oxide, zircon ia) with an optional polymeric binder to improve adhesion to both the support and overlying emul- 
sion layers has been disclosed in EP 250,154. An optional ambifunctional silane or titanate coupling agent can be 

so added to the gelled network to improve adhesion to overlying emulsion layers (e.g., EP 301,827; U.S. Pat. No. 
5,204,219) along with an optional alkali metal orthosilicate to minimize loss of conductivity by the gelled network when 
it is overcoated with gelatin-containing layers (U.S. Pat. No 5,236,818). Also, it has been pointed out that coatings con- 
taining colloidal metal oxides (e.g., antimony pentoxide, alumina, tin oxide, indium oxide) and colloidal silica with an 
organopolysiloxane binder afford enhanced abrasion resistance as well as provide antistatic function (U.S. Pat. Nos. 

55 4,442,168 and 4,571 ,365). 

[0006] Antistatic layers containing electronic conductors such as conjugated conducting polymers, conducting car- 
bon particles, crystalline semiconductor particles, amorphous semiconductive fibrils, and continuous semiconducting 
thin films can be used more effectively than ionic conductors to dissipate static charge since their electrical conductivity 
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is independent of relative humidity and only slightly influenced by ambient temperature. Of the various types of elec- 
tronic conductors, electrically conducting metal-containing particles, such as semiconducting metal oxides, are partic- 
ularly effective when dispersed in suitable polymeric film-forming binders in combination with polymeric non-film- 
forming particles as described in U.S. Pat. Nos. 5,340,676; 5,466,567; 5,700,623. Binary metal oxides doped with 

5 appropriate donor heteroatoms or containing oxygen deficiencies have been disclosed in prior art to be useful in anti- 
static layers for photographic elements, for example, U.S. Pat. Nos. 4,275,103; 4,416,963 ; 4,495,276; 4,394,441; 
4,418,141; 4,431,764; 4,495,276; 4,571,361; 4,999.276; 5,122,445; 5,294,525; 5,382,494; 5,459,021; 5,484,694 and 
others. Suitable claimed conductive metal oxides include: zinc oxide, titania, tin oxide, alumina, indium oxide, silica, 
magnesia, zirconia, barium oxide, molybdenum trioxide, tungsten trioxide, and vanadium pentoxide. Preferred doped 

10 conductive metal oxide granular particles include antimony-doped tin oxide, fluorine-doped tin oxide, aluminum-doped 
zinc oxide, and niobium-doped titania. Additional preferred conductive ternary metal oxides disclosed in U.S. Pat. No. 
5,368,995 include zinc antimonate and indium antimonate. Other conductive metal-containing granular particles includ- 
ing metal borides, carbides, nitrides and silicides have been disclosed in Japanese Kokai No. JP 04-055,492. 
[0007] One serious deficiency of such granular electronic conductor materials is that, especially in the case of sem- 

is iconductive metal-containing particles, the particles usually are highly colored which render them unsuitable for use in 
coated layers on many photographic supports, particularly at high dry weight coverage. This deficiency can be over- 
come by using composite conductive particles consisting of a thin layer of conductive metal-containing particles depos- 
ited onto the surface of non-conducting transparent core particles whereby obtaining a lightly colored material with 
sufficient conductivity. For example, composite conductive particles consisting of two dimensional networks of fine anti- 

20 mony-doped tin oxide crystallites in association with amorphous silica deposited on the surface of much larger, non- 
conducting metal oxide particles (e.g., silica, titania, etc.) and a method for their preparation are disclosed in U.S. Pat. 
Nos. 5,350,448; 5,585,037 and 5,628,932. Alternatively, metal-containing conductive materials, including composite 
conducting particles, with high aspect ratio can be used to obtain conducting coatings with lighter color due to reduced 
dry weight coverage (vide, for example, US. Pat. Nos. 4,880.703 and 5,273,822). However, there is difficulty in the 

25 preparation of conductive coatings containing composite conductive particles, especially the' ones with high aspect 
ratio, since the dispersion of these particles in an aqueous vehicle using conventional wet milling dispersion techniques 
and traditional steel or ceramic milling media often result in wear of the thin conducting layer from the core particle 
and/or reduction of the aspect ratio. Fragile composite conductive particles often , cannot be dispersed effectively 
because of limitations on milling intensity and duration dictated by the need to minimize degradation of the morphology 

30 and electrical properties as well as the introduction of attrition-related contamination from the dispersion 'process. : r 
[0008] i- Moreover; these metal .containing semiconductive particlesrcan be quite :abrasive' and cause premature^' 
damage to finishing. tools; such as, knives., slitters, perforators,^, iahd create undesirable dirt and debris which ^can ' 
adhere to the imaging element causing, defects, nofal '^Cv&^i &tL:P] cr-* 'r. i ! ;^i t ^.i r^^^c^^i ^^^ 
[000?].*-, Therequirements for antistatic layers jn silver halide photographic films are especially demanding' becabse^- 

35 of the stringent optical requiremente/Other types ofimaging elements suchf as photographic papers'and-thermaljmag- 
ing elements also frequently require the use .of/ari antistatic layer.^Ho - 
ferent/ For examp!e/for photographic "paper, an additional .criterion is the ability of *the antistatic 6^ 
printing (e.g.; bar codes or otherjndicia containing useful information) typicaily admhistered by dot matrix or inkjetprint- ■ ■: 
"ers ancJ tb retain'these prints or;mar^ngs*as the paper undergoes proce^ri^ 

40 [001 0] ±& ^EIectrjcally:conducti ve .layers; are also commonly used in imagirigrelemehts-for purposes other than provide" 
ing static prbtection.£Thus,;for example, in. electrostatographic imaging it is well, known to utilize imaging elements com-^ 
prising a support,- an : electrically-conductive layer that serves as an electrode, and a photoconductive layer that serves 
as the image-forming layer. .Electrically-conductive agents utilized as.antistatic agents in photographic silver halide 
imaging elements are.often also useful in the electrode layer of electrostatographic imaging elements/^ ■* - ' ■ 7 

45 [0011] —A particular embodiment of the present invention is intended for. application in motion picture print films. f 
Motion picture photographic films that are used as print films for movie theater projection have long used a carbon-black • 
containing layer on the backside of the film, as described, for example.'in US Pat. Nos. 2,271 ,234 and 2,327,828. This 
backside layer provides both antihalation protection and antistatic properties. The carbon black is applied in an alkali- 
soluble binder that allows the layer to be removed by a process that involves soaking the film in alkali solution, scrubbing 

so the backside layer and rinsing with water. This removal process, which takes place prior to image development, is both 
tedious and environmentally undesirable since large quantities of water are utilized in this film processing step. In addi- 
tion, in order to facilitate removal during film processing, the carbon black-containing layer is not highly adherent to the 
photographic film support and may dislodge during various film manufacturing operations such as film slitting and film 
perforating. Carbon black debris generated during these operations may become lodged on the photographic emulsion 

55 and cause image defects during subsequent exposure and film processing. 

[0012] After removal of the carbon black-containing layer the film's antistatic properties are lost. Undesired static 
charge build-up can then occur on processed motion picture print film when transported through projectors or on rewind 
equipment. These high static charges can attract dirt particles to the film surface. Once on the film surface, these par- 
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tides can create abrasion or scratches or, if sufficiently large, the dirt particles may be seen on the projected film image. 
[0013] These conventional carbon black-containing backing layers also typically contain a lubricant or are over- 
coated with a lubricant in order to improve conveyance during manufacturing operations or image exposures (i.e., print- 
ing). After processing, the lubricant is removed along with the carbon black, and, therefore, processed print films has a 
s high coefficient of friction on the backside of the film which is undesirable for good transport and film durability during 
repeated cycles through a movie theater projector. 

[0014] A photographic element having a conductive layer containing semiconductive tin oxide or indium oxide par- 
ticles on the opposite side of the support from the silver halide sensitized emulsion layers with a polymer-containing 
intermediate backing layer overlying the conductive layer and an additional protective layer overlying the backing layer 

w is disclosed in U.S. Patent No. 5,026,622. The outermost protective layer includes gelatin, a matting agent, a fluorine- 
containing anionic surfactant, and dioctyl sulfosuccinate. Another conductive three-layer backing having an antistatic 
layer containing granular semiconductive metal oxide particles; an intermediate backing layer containing a latex of a 
water-insoluble polymer, matting agent, polystyrenesulfonate sodium salt, and gelatin; and an outermost protective 
layer containing at least one hydrophobic polymer such as a polyester or polyurethane, fluorine-containing sur- 

75 factant(s), matting agent(s), and an optional slipping aid is described in U.S. Patent No. 5,219,718. Further, a three- 
layer backing having an antistatic layer including conductive metal oxide granular particles or a conductive polymer and 
a hydrophobic polymer latex, gelatin, and an optional hardener is overcoated with an intermediate backing layer con- 
taining gelatin, a hydrophobic polymer latex, a matting agent, and backing dyes that is simultaneously overcoated with 
a protective layer comprising a fluorine-containing surfactant, a matting agent, gelatin, and optionally, a polymer latex 

20 is taught in US. Patent No. 5,254,448. Photographic elements including such multi-layer backings were disclosed to 
retain antistatic properties after processing, exhibit acceptable transport performance against Teflon coated surfaces, 
and have good "anti-flaw" properties. 

[001 5] The use of small (< 15 nm) antimony-doped tin oxide particles having a high (>8 atom %) antimony dopant 
level and a small crystallite size (< 100 A) in abrasion resistant conductive backing layers is claimed in U.S. Patent No. 
25 5,484,694. A multi-element curl control layer on the backside of the support wherein the conductive layer typically is 
located closest to the support, with an overlying intermediate layer containing binder and antihalation dyes, and an out- 
ermost protective layer containing binder, matte, and surfactant is also claimed. ■ 

[0016] - Simplified two-layer conductive backings are taught in U.S. Patent Nos. 5,366,855; 5,382,494; 5,453,350;' 
and 5,514,528. An antistatic layer containing colloidal silver-doped vanadium pentoxide and a vinylidene chloride-con- 

30 taining latex binder or a polyesterionomer dispersion coated on the opposite side of the support from the silver halide 
emulsion layer and subsequently overcoated with a protective layer including a coalesced layer containing both film- 
forming and non-film-forming colloidal polymeric particles, optional cross-linking agents, matting agents, and lubricating 
agents is disclosed in U.S. Patent No. 5,366,855. Such a protective layer .was also disclosed to function as an imper- 
meable barrier to processing solutions, to resist blocking,: to provide good scratch and abrasion resistance, and to 

35 exhibit excellent lubricity. However, the addition of hard polymeric particles, such as poly(methyl methacrylate) , to a film- 
forming polymer can produce brittleness in a coated layer.* A photographic element containing an aqueous-coated anti- 
static layer containing conductive fine particles such as metal oxide particles, a butyl acrylate-contairiing terpolymer- 
latex, and optionally, a hardening agent and a surfactant that is overcoated with a soivent-coated, transparent magnetic 
recording layer containing preferably nitrocellulose or diacetyl cellulose as the binder and carnauba wax as a lubricant 

40 is taught in U.S. Patent Nos: 5,382,494 and 5,453,350. Similarly, an antistatic layer containing conductive metal oxide 
granular particles in a hydrophilic binder applied as an aqueous or Solvent dispersion and overcoated with* a cellulbsie 
ester layer optionally containing ferromagnetic particles is described in U.S. Patent No. 5,514,528; A separate lubricat- 
ing overcoat layer can be optionally applied on top of the cellulose ester layer. .-. - / ^ . *< 1 
[001 7] The inclusion of lubricant particles of a specified size, especially those having a fluorine-containing polymer, 

45 in a protective surface or backing layer containing a dispersing aid or stabilizer, a hydrophilic or resin-type binder and ' 
optionally, crosslinking agents, matting agents, antistatic agents, colloidal inorganic particles, and various other addi- 
tives is described in U.S. Patent No. 5,529,891. Photographic elements incorporating such protective layers were dis- 
closed to exhibit improved surface scratch and abrasion resistance as evaluated on a Taber Abrader. 
[0018] < Another method to improve the slipperiness and scratch resistance of the back surface of a photographic 

so element is described in U.S. Patent No. 5,565,31 1. The incorporation of slipping agents containing compounds having 
both a long-chain aliphatic hydrocarbon moiety and a polyether moiety as a solution, emulsion or dispersion preferably 
in a backing protective layer containing a film-forming binder and an optional crosslinking agent overlying an antistatic 
layer is reported to provide improved slipperiness and scratch resistance and reduce the number of coated layers in the 
backing. The addition of a matting agent can improve scratch resistance as well as minimize blocking of the emulsion 

55 surface layer or emulsion-side primer layer by the backing layer. Further, the inclusion of an antistatic agent, such as 
conductive metal oxide particles, in a backing protective layer containing slipping and matting agents and optionally, 
nonionic, anionic, cationic, or betaine-type fluorine-containing surfactants is disclosed in U.S. Patent No. 5,565,31 1 . 
[001 9] An electrically-conductive single layer backing having a combination of electrically-conductive fine particles, 
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such as conductive metal oxide granular particles, and particular gelatin-coated water-insoluble polymer particles is dis- 
closed in European Patent Application No. 749,040 to provide both a high degree of conductivity at low volumetric con- 
centrations of conductive particles and a high degree of abrasion resistance. The use of a combination of insoluble 
polymer particles and a hydrophilic colloid with conductive metal oxide fine particles to prepare electrically-conductive 

5 layers that require lower volume fractions of conductive particles than conductive layers prepared using only a 
hydrophilic colloid as binder is disclosed in U.S. Patent No. 5,340,676. A similar beneficial result is disclosed in U.S. Pat- 
ent No. 5.466,567 for electrically-conductive layers in which a combination of a hydrophilic colloid and pre-crosslinked 
gelatin particles is used as the binder for the electroconductive fine granular particles. However, the abrasion resistance 
of such gelatin-containing layers is unsuitable, particularly for motion picture applications. 

w [0020] Electrically-conductive backing layers for use in thermally processable imaging elements are described in 
U.S. Patent Nos. 5,310,640 and 5,547,821. As described in U.S. Patent No. 4,828,971, backing layers useful for ther- 
mally processable imaging elements must provide adequate conveyance properties, resistance to deformation during 
thermal processing, satisfactory adhesion to the support, freedom from cracking and marking, reduced electrostatic 
charging effects, and exhibit no sensitometric effects. The use of electrically-conductive backings and protective over- 

is coat layers for thermally processable imaging elements is described in U.S. Patent No. 5,310,640. In one preferred 
embodiment, a protective layer containing polymethylmethacrylate as binder and a polymeric matting agent is posi- 
tioned overlying a conductive layer containing silver-doped vanadium pentoxide dispersed in a polymeric binder. The 
use of a single-layer conductive backing having antimony-doped tin oxide granular particles, a matting agent, and a pol- 
ymeric film-forming binder is taught in U.S. Patent No. 5,547,821. Another preferred embodiment teaches the use of 

20 antimony<ioped tin oxide granular particles in a conductive overcoat layer overlying the imaging layer. The reported 
Taber abrasion test results suggest that the relative level of abrasion resistance for the single-layer backings is inferior 
to that for the overcoated conductive backing layer described in U.S. Patent No. 5,31 0.640. Also, surface scattering and 
haze is higher for single-layer conductive backings than for overcoated conductive backings. Further, from the surface 
resistivity and dusting data reported in U.S. Patent No. 5,547,821, It can be concluded that it is particularly difficult to ■ 

25 simultaneously obtain low dusting and high conductivity with single-layer conductive backings containing a poly- 

urethane binder and granular electroconductive particles. ^ ; , r 

[0021] /. An electrically-conductive single-layer backing for the reverse side of a laser dye-ablative imaging element * 
comprising electrically-conductive metal-containing particles; such as antimony-doped tin oxide particles/a polymeric 
binder, such as gelatin or a vinylidene chloride-based terpolymer latex/a matting^agent, a coating aid, and an optional 

30 hardener is described jn U.S.- Patent No. 5.529,884.- Surface resistivity values of*- 9 log ohms/ square (10 9 ohmsA 
square) for the conductive backings were measured before and after.the ablation process'and exhibited virtually no - 
change. No test data for abrasion or.scratch resistance of the backing layers was reported.'. *< v v - w - - • 
[0022] : An abrasion-resistant protective overcoat including a selected polyurethane binder, . a lubricant, a' matting 
agent^and a^crosslinking^agent overlying, a conductive ; backing layer is described in U.S.. Patent -No. 1 5.679,505 for * 

35 motion picture print films; the. abrasion-resistant protective,overcoat contains axrosslinked polyurethane binder and, * 
thus, provides a nonpermeable chemical barrier for antistatic layers containing;preferably,<c6lloidal vanadium pentoxide 
antistatic agent which is known to degrade in;contact with photographic processing soiutions.-Altho'ugh U.S. Patent' No.; * 
.5,679,505 can provide certain advantages over conventional carbon' black containing 'backing layers, the use of a : : 
. crossjinking^agentin the topcoat (wjthout which the conductivity 'of the preferred'sintistatic Iayer«wi1l be'jeopardized)T 

40 poses some^manufacturing.concerns: crosslipked poiyuretharie^^ * 
constra]nts c on\the -composition and pot-life of the coating solutions as well as other manufacturing parameters;1rorri a r 
health and safety standpoint, some crosslinking agents may require special handling and disposal procedures; removal 
of a crosslinked polyurethane layer can hinder, recycling of the support. Moreover,. U.S.' Pat. No. 5,679,505 teaches"a r 
two-layer system (antistatic layer and a protective topcoat) , the practice of which is inherently more complex than a sin- 

45 gle layer system (as per the present invention to be discussed in detail hereinbelow): any incompatibility between the 
two layers can cause imperfections, such as repellencies. particulate formation, or other interaction products at the < 
interface and adhesion failure, leading to unacceptable product quality and lower yield. 

[0023] % As indicated above, the prior art on electrically-conductive layers in imaging elements is extensive and a 
very wide.variety of different materials have been proposed for use as the electrically-conductive agent. There is still, 
. so however, a critical need in the art for improved electrically-conductive layers which are useful in a wide variety of imag- 
ing elements, which can be manufactured at reasonable cost, which are environmentally benign, which are durable and 
abrasion-resistant, which are effective at low coverage, which are adaptable to use with transparent imaging elements, 
which do not exhibit adverse sensitometric or photographic effects, and which maintain electrical conductivity even after 
■ coming in contact with processing solutions (since it has been observed m industry that loss of electrical conductivity 
55 after processing may increase dirt attraction to processed films which, when printed, may cause undesirable defects on 
the prints). 

[0024] In addition to controlling static charging, auxiliary iayef s applied to photographic elements also provide many 
other functions. These include providing resistance to abrasion curl solvent attack, halation and providing reduced fric- 



5 



EP 0 994 387 A2 



tion for transport. One additional feature that an auxiliary layer must provide when the layer serves as the outermost 
layer is resistance to the deposition of material onto the element upon photographic processing. Such material can 
impact the physical performance of the element in a variety of ways. For example, large deposits of material on a pho- 
tographic film lead to readily visible defects on photographic prints or are visible upon display of motion picture film. 
5 Alternatively, post-processing debris can influence the ability of a processed film to be overcoated with an ultraviolet 
curable abrasion resistant layer, as is done in professional photographic processing laboratories employing materials 
such as PhotoGard, 3M. 

[0025] It is toward the objective of providing improved electrically-conductive layers that more effectively meet the 
diverse needs of imaging elements-especially of silver halide photographic films but also of a wide range of other imag- 
io ing elements-than those of the prior art that the present invention is directed. An additional objective of the present 
invention as an outermost backing layer is to provide scratch and abrasion resistance to the imaging elements through 
the proper choice of a binder with optimum mechanical properties. 

[0026] Electrically conducting polymers have recently received attention from various industries because of their 
electronic conductivity. Although many of these polymers are highly colored and are less suited for photographic appli- 

75 cations, some of these electrically conducting polymers, such as substituted or unsubstituted pyrrole-containing poly- 
mers (as mentioned in U.S. Pat Nos. 5,665,498 and 5,674,654), substituted or unsubstituted thiophene-containing 
polymers (as mentioned in U.S. Pat Nos. 5,300,575; 5,312,681; 5,354,613; 5,370,981; 5,372,924; 5,391,472; 
5,403,467; 5,443,944; 5,575,898; 4,987,042 and 4,731,408) and substituted or unsubstituted aniline-containing poly- 
mers (as mentioned in U.S. Pat. Nos. 5,716,550 and 5,093,439) are transparent and not prohibitively colored, at least 

20 when coated in thin layers at moderate coverage. Because of their electronic conductivity instead of ionic conductivity, 
these polymers are conducting even at low humidity. Moreover, these polymers can retain sufficient conductivity even 
after wet chemical processing to provide what is known in the art as "process-surviving" antistatic characteristics to the 
photographic support they are applied. Unlike metal-containing semiconducting particulate antistatic materials (e.g., 
antimony<Joped tin oxide), the aforementioned electrically conducting polymers are less abrasive, environmentally 

25 more acceptable (due to absence of heavy metals), and, in general, less expensive. 

[0027] However, it has been reported (US Patent No. 5,354,61 3) that the mechanical strength of a thiophene-con- 
taining polymer layer is not sufficient and can be easily damaged without an overcoat. Protective layers such as ' 
poly(methyl methacrylate) can be applied on such thiophene-containing antistatic layers but these protective layers typ- 
ically are coated out of organic solvents and therefore not highly desired. More over, these protective layers may be too 

30 brittle to be an external layer for certain applications, such as motion picture print films (as illustrated in US Pat. No. 
5,679,505). Use of aqueous polymer dispersions (such as vinylidene chloride. styrene, acrylonitrile; alkyl acrylates and 
alkyl methacrylates) has been taught in US Pat No. 5,312,681 as an overlying barrier layer for thiophene-containing * 
antistat layers, and onto the said overlying barrier layer is adhered a hydrophilic colloid-containing layer. But/again, the 
physical properties of these barrier layers may preclude their use as an outermost layer in certain applications. The use - 

35 of a thiophene-containing outermost antistat layer has been taught in US Patent No. 5,354,613 wherein a hydrophobic 
polymer with high glass transition temperature is incorporated in the antistat layer.'But these' hydrophobic polymers 
reportedly may require organic solvent(s) and/or swelling agent(s) "in an amount of at least 50% by weight* of the pol- 
ythiophene, for coherence and film forming capability. ;i . \<:, < * > ; ^ . * , * 

[0028] _ ; , As will be demonstrated hereinbelow, the present invention can provide a single outermost layer.-without any 

40 protective top-coat or crosslinking agent, to,an imaging element, incorporating humidity independent, process-surviving 
antistatic characteristics as well as resistance to abrasion and scratching. Such an external layer as per the present 
invention, can be a simple two component system comprising an electrically conducting polymer and a polyurethane 
binder with a tensile elongation to break of at least 50% and a Young's modulus measured at 2% elongation of at least 
50000 psi which provides certain advantages over the teachings of the prior art 1 

SUMMARY OF THE INVENTION 

[0029] The present invention is an imaging element which includes a support, an image-forming layer superposed 
on the support and an electrically-conductive layer superposed on the support. The electrically-conductive layer is corn- 
so. posed of an electrically-conductive polymer and a polyurethane film-forming binder having a tensile elongation to break 
of at least 50% and a Young's modulus measured at 2% elongation of at least 50000 psi. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0030] The imaging elements of this invention can be of many ditfeient types depending on the particular use for 
which they are intended. Such elements include, for example, pnotogfaphic. electrostatographic, photothermographic, 
migration, electrothermographic, dielectric recording and thermal <jye-transfei imaging elements. 
[0031] Photographic elements which can be provided with an antistatic layer in accordance with this invention can 
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differ widely in structure and composition. For example, they can vary greatly in regard to the type of support, the 
number and composition of the image-forming layers, and the kinds of auxiliary layers that are included in the elements. 
In particular, the photographic elements can be still films, motion picture films, x-ray films, graphic arts films, paper 
prints or microfiche, especially CRT-exposed autoreversal and computer output microfiche films. They can be black- 
5 and-white elements, color elements adapted for use in a negative-positive process, or color elements adapted for use 
in a reversal process. 

[0032] Photographic elements can comprise any of a wide variety of supports. Typical supports include cellulose 
nitrate film, cellulose acetate film, poly(viny) acetal) film, polystyrene film, poly(ethylene terephthalate) film, poly(ethyl- 
ene naphthalate) film, polycarbonate film, polyethylene films, polypropylene films, glass, metal, paper (both natural and 

10 synthetic), polymer-coated paper, and the like. The image-forming layer or layers of the element typically comprise a 
radiation-sensitive agent, e.g., silver halide, dispersed in a hydrophilic water-permeable colloid. Suitable hydrophilic 
vehicles include both naturally-occurring substances such as proteins, for example, gelatin, gelatin derivatives, cellu- 
lose derivatives, polysaccharides such as dextran, gum arabic, and the like, and synthetic polymeric substances such 
as water-soluble polyvinyl compounds like poly(vinylpyrrolidone), acrylamide polymers, and the like. A particularly com- 

15 mon example of an image-forming layer is a gelatin-silver halide emulsion layer. 

[0033] In order to promote adhesion between the conductive backing of this invention and the support, the support 
can be surface-treated by various processes including corona discharge, glow discharge, UV exposure, flame treat- 
ment, electron-beam treatment, as described in U.S. Patent No. 5,718,995 or treatment with adhesion-promoting 
agents including dichloro- and trichloro-acetic acid, phenol derivatives such as resorcinol and p-chloro-m-cresol, so!- 

20 vent washing or overcoated with adhesion promoting primer or tie layers containing polymers such as vinylidene chlo- 
ride-containing copolymers, butadiene-based copolymers, glycidyl acrylate or methacrylate-containing copolymers, 
maleic anhydride-containing copolymers, condensation polymers such as polyesters, polyamides, polyurethanes, poly- 
carbonates, mixtures and blends thereof, and the like. ; f. . 
[0034] . Further details with respect to the composition and function of a wide variety of different imaging elements 

25 are provided in U.S. Patent No. 5,300,676 and references described therein. All of the imaging processes described in 
the '676 patent, as well as many others, have in.common the use of an electrically-conductive layer as an electrode or - 
as an antistatic layer. .The requirements for a useful electrically-conductive Jayer in an. imaging environment are 
extremely demanding and thus the art has long sought to develop improved electrically-conductive layers exhibiting the 
necessary, combination of physical, optical and chemical properties.:' • ; : yu? ^ ..v;. ^ ■* ■: - ; & ; . 

30 [0035] - : The antistaticpoating compositions of the invention can be 'applied to the aforementioned film" or paper sup- 
ports by any of a variety of well-known coating methods.\Handcoating techniques include. using a coating rod'or knife 
or a doctor- blade. Machine coating methods include" skim pan/air.knife coiating; roller.coating, gravure coating.xurtaih: 
coating,Jbead,coating or slide coating. Alternatively, the antistaticJayer^or layers of4he present invention can be^applied 
to a single or multilayered polymeric web by any pf the aforementioned methods.^andthe said polymeric web caivsubv 

35 sequently be laminated (eitherdirectly.or after stretching) to)a filrrror paper support of;anJmaging r element'(such as* 
those discussed, above) by extrusion; calendering or any other, suitable method::^^/^^-:;' v;'rv%;i^<:^ y ~: \[\ * v 
[0036] . ^ : The antistatic layer on layers of the present invention .can be' appliekd .tOjthe support in:various;configurations 
depending upon the requirements/Of the -specific .application: ;As an abrasion resistant layer, the antistatic layer of the* 

- - - present-inventionus preto s|de'rf.th^su^ort opposite to the imaging 

40 layer.- Howeyer.jthe, layer .of the present invention can be placed at any other Jocation within the imaging element tafulfiir 
other objectives: jn the case of photographic elements, an antistatic layer.can be applied to a polyester f ilm base during 
the support manufacturing process after orientation of the castresin on top of a polymeric undercoat layer. The anti- 
static layer can be applied as a. subbing layer under the sensitized emulsion, on the side of the.support opposite the 
emulsion or on both sides of the support. Alternatively, it can be applied over the imaging layers on either or both sides 

45 of the support, particularly for thermally-processed imaging elements. When the antistatic layer is applied as a subbing 
layer underlie sensitized emulsion, it is not necessary to apply any intermediate layers such as barrier layers or adhe- 
sion promoting layers between it and the sensitized emulsion, although they can optionally be present. Alternatively, the 
antistatic layer can be applied as part of a multi-component curl control layer on the side of the support opposite to the 
sensitized emulsion. The present invention can be used in conjunction with an intermediate layer, containing primarily 
. so binder and antihalation dyes, that functions as an antihalation layer. Alternatively, these could be combined into a single 
layer. Detailed description of antihalation layers can be found in U.S. Pat. No. 5,679.505 and references therein. 
[0037] Typically, the antistatic layer may be used in a single or multilayer backing layer which is applied to the side 
of the support opposite to the sensitized emulsion. Such backing layers, which typically provide friction control and 
scratch, abrasion, and blocking resistance to imaging elements are commonly used, for example, in films for consumer 

55 imaging, motion picture imaging, business imaging, and others. In the case of backing layer applications, the antistatic 
layer can optionally be overcoated with an additional polymeric topcoat, such as a lubricant layer, and/or an alkali- 
removable carbon black-containing layer (as described in Pat. Nos. 2,271 ,234 and 2,327,828), for antihalation and cam- 
era- transport properties, and/or a transparent magnetic recording layer for information exchange, for example, and/or 
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any other layer(s) for other functions. 

[0038] In the case of photographic elements for direct or indirect x-ray applications, the antistatic layer can be 
applied as a subbing layer on either side or both sides of the film support In one type of photographic element, the anti- 
static subbing layer is applied to only one side of the film support and the sensitized emulsion coated on both sides of 

5 the film support Another type of photographic element contains a sensitized emulsion on only one side of the support 
and a pelloid containing gelatin on the opposite side of the support. An antistatic layer can be applied under the sensi- 
tized emulsion or, preferably, the pelloid. Additional optional layers can be present. In another photographic element for 
x-ray applications, an antistatic subbing layer can be applied either under or over a gelatin subbing layer containing an 
antihaiation dye or pigment. Alternatively, both antihalation and antistatic functions can be combined in a single layer 

10 containing conductive particles, antihalation dye, and a binder. This hybrid layer can be coated on one side of a film sup- 
port under the sensitized emulsion. 

[0039] It is also contemplated that the electrically-conductive layer described herein can be used in imaging ele- 
ments in which a relatively transparent layer containing magnetic particles dispersed in a binder is included. The elec- 
trically-conductive layer of this invention functions well in such a combination and gives excellent photographic results. 

75 Transparent magnetic layers are well known and are described, for example, in U.S. Pat. No. 4,990,276, European Pat- 
ent 459,349, and Research Disclosure, Item 34390, November, 1992. As disclosed in these publications, the magnetic 
particles can be of any type available such as ferro- and f err i -magnetic oxides, complex oxides with other metals, fer- 
rites, etc. and can assume known particulate shapes and sizes, may contain dopants, and may exhibit the pH values 
known in the art. The particles may be shell coated and may be applied over the range of typical laydown. 

20 [0040] . Imaging elements incorporating conductive layers of this invention that are useful for other specific applica- 
tions such as color negative films, color reversal films, black-and-white films, color and black-and-white papers, electro- 
photographic media, thermal dye transfer recording media etc., can also be prepared by the procedures described 
hereinabove. Other addenda, such as polymer latices to improve dimensional stability, hardeners or crosslinking 
agents, and various other conventional additives can be present optionally in any or all of the layers of the various afore- 

25 mentioned imaging elements. * ■ 

[0041] The antistatic layer of the present invention comprises an electrically-conducting polymer, specifically an 
electronically-conducting polymer, as component A and a polyurethane binder with a tensile elongation to break of at ' 
least 50% and a Young's modulus measured at 2% elongation of at least 50000 psi as component B, and can be coated 
out of an aqueous system on a suitable imaging element. Adjustment of the pH of the components may be beneficial 

30 to prevent flocculation or other undesirable interaction. Suitable agents for pH adjustment are ammonium hydroxide, 
sodium hydroxide, potassium hydroxide, tetraethyl amine; sulfuric acid, acetic acid, etc.'- ' * - 
[0042] *> Component A can be chosen from any or a combination of electrically-conducting polymers, such as substi- 
tuted or unsubstituted pyrrole-containing polymers (as mentioned in U.S. Pat. Nos. 5,665,498 and 5,674,654), substi- 
tuted or unsubstituted thiophene-containing polymers (as: mentioned, in U.S.- -Pat.*/ Nos.- 5,300.575; 5,312,681; 

35 5,354,613; 5,370,981 ; 5,372,924; 5,391.472; 5,403,467; 5,443,944; 5,575,898; 4,987,042 and 4,731,408) and substi- 1 - 
tuted or unsubstituted aniline-containing polymers (as mentioned in U.S. Pat. Nos/5,71 6,550 and 5,093,439). The elec- . 
trically conducting polymer may.be soluble . or dispersible in organic ^solvents or water or -mixtures thereof. For 
environmental reasons, aqueous systems are preferred. Polyanions used in the synthesis of these electrically conduct- * • 
ing polymers are the anions of polymeric carboxylic acids such as polyacrylic acids, polymethacrylic acids orpolymaleic 

40 acids and polymeric sulfonic acids such as polystyrenesulfonic acids and polyvinylsulfonic acids, the polymeric sulfonic . * 
acids being those preferred for this invention. These polycarboxylic^and polysulfonic acids may also be copolymers of 
vinylcarboxylic and vinylsulfonic acids with other polymerizable monomers such as the esters of acrylic acid and sty- 
rene. The molecular weight of the polyacids providing the polyanions preferably is 1,000 to 2,000,000, particularly pref- 
erably 2,000 to 500,000. The polyacids or.their alkali salts are commonly available, e.g.-,- polystyrenesulfonic acids and 

45 polyacrylic acids, or they may be produced based on known methods. Instead of the free acids required for the forma- 
tion of the electrically conducting polymers and polyanions, . mixtures of alkali salts of polyacids and appropriate 
amounts of monoacids may also be used. Preferred electrically conducting polymers for the present invention include 
polypyrrole styrene sulfonate (referred to as polypyrrole/poly (styrene sulfonic acid) in US Pat. No. 5,674.654), 3,4- 
dialkoxy substituted polypyrrole styrene sulfonate, and 3,4-dialkoxy substituted polythiophene styrene sulfonate. The 

so most preferred substituted electrically conductive polymers include poly(3.4-ethylene dioxypyrrole styrene sulfonate) 
and poly(3,4-ethy!ene dioxythiophene styrene sulfonate). 

[0043] Component B is a polyurethane preferably an aliphatic polyurethane chosen for its excellent thermal and UV 
stability and freedom from yellowing. The polyurethanes, suitable for the present invention, are those having a tensile 
elongation to break of at least 50% and a Young's modulus measured at an elongation of 2% of at least 50000 psi. As 
55 per U.S. Pat. No. 5,679,505, these physical property requirements insure that the antistatic layer is hard yet tough 
enough to simultaneously provide excellent abrasion resistance and outstanding resiliency, in applications such as 
motion picture print films which need to survive hundreds of cycles through motion picture projectors. Examples and 
details of these specific polyurethanes are mentioned in U.S. Pat. No.5,679,505 and references therein. 
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[0044] Use of polyurethanes in a polythiophene-containing antistatic layer has been disclosed in U.S. Pat. Nos. 
5,300,575. However, the mechanical properties of such polyurethanes have not been addressed in that patent. As 
amply demonstrated in U.S. Pat. No. 5,679,505, not all polyurethanes possess the mechanical properties necessary to 
provide the level of wear, abrasion and scratch protection as required by applications such as motion picture print films. 
Use of polyurethane as a third component in antistatic primers containing polythiophene and sulfonated polyesters has 
been disclosed in U.S. Patent No. 5,391 ,472. However, as before, no consideration of the mechanical properties of the 
polyurethane is disclosed in that patent. Moreover, as demonstrated in the USSN 09/1 72,878 not all polyurethanes are 
compatible with electrically conducting polymers. Use of polyurethane with specific mechanical properties for applica- 
tion in motion picture print films have been taught in U.S. Pat. No. 5,679,505. But, as mentioned earlier, '505 teaches of 
a two-layer system, with the polyurethane topcoat comprising a crosslinking agent, unlike the present invention. It is 
quite clear that the results obtained in accordance with the present invention, which can manifest as a single layer, two 
component system with component A being an electronically conducting polymer and component B being a poly- 
urethane with a tensile elongation to break of at least 50% and a Young's modulus measured at an elongation of 2% of 
at least 50000 psi, with or without any crosslinking agent, are neither expected from nor anticipated by the disclosures 
of U. S. Pat. Nos. 5,300,575; 5,391,472; and 5,679,505. 

[0045] The polyurethane binder can be optionally crosslinked or hardened by adding a crosslinking agent that 
reacts with functional groups present in the polyurethane, such as carboxyl groups. Crosslinking agents, such as 
polyaziridines, carbodiimides, epoxies, and the like are suitable for this purpose. The crosslinking agent can be used at 
about 0.5 to about 30 weight % based on the polyurethane. However, a crosslinking agent concentration of 2 to 12 
weight % based on the polyurethane is preferred. 

[0046] A suitable lubricating agent can be included in the layer of this invention to achieve a coefficient of friction 
that ensures good transport characteristics during manufacturing and customer handling. The desired values of the 
coefficient of friction and examples of suitable lubricating agents are disclosed in U. S. Pat. No. 5,679,505. 
[0047] The relative amount of the electrically-conducting polymer (component A) can vary from 0.1-99 weight % 
and the relative amount of the polyurethane binder (component B) can vary from 99.9-1 weight % in the dried layer. In 
a preferred embodiment of this invention as an outermost abrasion resistant layer, the amount of electrically-conducting 
polymer should be 2-70 weight % and the polyurethane binder should be 98-30 weight % in the dried layer. As will be . 
demonstrated hereinbelow through working examples, the use of a crosslinking agent in the layers of the present invent 
tion is optional. < _<v: - * £ - w * . •• - " ^ • <"> •**"* ••• - > * 

[0048] —\'n another ^embodiment of the present invention, a third polymeric component may be incorporated* in^theV 
antistatic layer for improved dispersion quality (of the electrically conducting polymer),, electrical conductivity and phys^ 
ical properties wherein this third component may comprise a sulfonated polystyrene and/or a copolymer of sulfonated ; 
styrene-maleic anhydride and/or a polyester ionomer or the like known in the art for their aforementioned properties. 
The relative amount of this third component may vary from 0-30 weight % but preferably between 5-20 weight^irvthet 
dried layer. The coating composition is coated at a dry weight coverage of between 5 mg/m 2 and 10;000 mg/m^but 
preferably between 10-2000 ,mg/m?^;r ^ rr^. ^M-^^ ^:^ . ~r ^ ty<h?;..&^f&£ ■ ' i^-i 

[0049] ; v;\ln addition to binders and solvents,' other components that are. well known in the:phot6graphi 
be present, in the;.electrically-condMCtive layer/These additional components include^surfactahts and* coating aids; - 
thickenws.; coalescing^ PG hardeners. solub[ejind/or solid particie:dyes<*antifoggants, matte 

beads, -lubricants, and, others. -v.; .••/•;...-• -\r.- : £ ^r^ivi^^ 

[0050] - The present invention is further illustrated by the following examples of its practice. However, the scope of - 
this invention is by no means restricted to these specific examples. - 

SAMPLE PREPARATION ; . ' 

Electrically conducting polymer (component A) 

[0051] . The electrically conducting polymer (component A) in the following samples is either a polypyrrole or a pol- 
ythiophene derivative. The conducting polypyrrole is derived from an aqueous dispersion of poiypyrrole/poly (styrene 
sulfonic acid) prepared by oxidative polymerization of pyrrole in aqueous solution in the presence of poly (styrene sul- 
fonic acid) using ammonium persulfate as the oxidant, following US Pat. No. 5,674,654. This electrically conducting pol- 
ymer is henceforth referred to as PPy. 

[0052] The electrically conducting polythiophene is derived from an aqueous dispersion of a commercially available 
thiophene-containing polymer supplied by Bayer Corporation as Baytron P. This electrically conducting polymer is 
based on an ethylene dioxythiophene henceforth referred to as EDOT 
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Polyurethane binder (component B) 



[0053] The polyurethane binder (component B) in the following samples of the present invention is derived either 
from an aqueous anionic dispersion Witcobond 232, supplied by Witco Corporation, or from an aqueous anionic disper- 
5 sion Sancure 898, supplied by BFGoodrich Corporation. As indicated in U.S. Pat. No. 5,679,505, both polyurethanes 
fulfill the criteria of tensile elongation to break of at least 50% and a Young's modulus measured at an elongation of 2% 
of at least 50000 psi, as required by the present invention. 

Film based web 

10 

[0054] Polyethylene terephthalate) or PET film base that had been previously coated with a subbing layer of vinyli- 
dene chloride-acrylonitrile-acrylic acid terpolymer latex was used as the web on which aqueous coatings were applied 
by a suitable coating method. The coating solutions comprised of aqueous dispersions of component A and B, properly 
adjusted for pH, in varying proportions with or without other addenda. The addenda included small amounts of sur- 
15 factant, cross-linking agent, matte beads, lubricating agent, etc. The coatings were dried between 80°C and 1 25°C. The 
coating coverage varied between 300 mg/m 2 and 1 000mg/m 2 when dried. 

TEST METHODS 

20 [0055] For resistivity tests, samples were preconditioned at 50% RH 23 °C for at least 24 hours prior to testing. Sur- 
face electrical resistivity (SER) was measured with a Kiethley Model 616 digital electrometer using a two point DC probe 
by a method similar to that described in US Patent number 2,801 ,1 91 . Internal resistivity or "water electrode resistivity" 
(WER) was measured by the procedures described in R.A. Elder, "Resistivity Measurements on Buried Conductive 
Layers", EOS/ESD Symposium proceedings, September 1990, pages 251 -254. 

25 [0056] Dry adhesion was evaluated by scribing a small cross-hatched region into the coating with a razor blade. A 
piece of high-tack adhesive tape was placed over the scribed region and quickly removed. The relative amount of coat- 
ing removed is a qualitative measure of the dry adhesion. ■ . . . 

[0057] , Taber abrasion tests were performed in accordance with the procedures set forth in ASTM D1044. The 
abraded haze values were compared with that of a similarly tested coating of Witcobond 232 (with -5% by dry weight 1 
30 of aziridine cross linking .agent) at a nominal dry coverage of 1 g/m 2 on subbed PET support. The latter coating was- 
chosen for comparison/since it is a preferred topcoat with scratch and abrasion resistance for a motion picture print * 
film, as per U.S. Pat No. 5,679,505.; - v.' . . ; , , - -"v... 

WORKING EXAMPLES c , . , . • • • • • , ,■ • • ... • - . i . 

[0058] Samples 1 -9 were prepared as per the present invention with EDOT as component A and Witcobond 232 as 
component B. All these samples contained a small amount of a surfactant Pluronic F 88 supplied by BASF Corporation. 
Samples 1-9 also comprised an aziridine crosslinking agent Neocryl CX-100, supplied by Zeneca Corporation, at a 
level of 5% dry weight of the polyurethane. Details about the composition and nominal dry coverage of these samples ' 
40 and the corresponding SER values before and after C-41 color photographic processing are provided in the following - • 
table, v • . . . " v • - : • - V / .,_ • • . . ■ • 



Sample 


Component A 
EDOT dry wt% 


Component B Wit- 
cobond 232 dry 
wt% 


Nominal coverage 
g/m 2 


SER log 
ohm/square 50% 
RH before 
processing 


SER log 
ohms/square 50% 
RH after C-41 
processing 


1 


5 


95 


0.3 


9.3 


9.9 


2 


5 


95 


0.6. 


9.9 


97 


3 


5 


95 


1.0 


9.8 


10 


4 


10 


90 


0.3 


9.8 


10.2 


5 


10 


90 


0.6 


9.4 


9.7 


6 


10 


90 


1.0 


9.1 


9.4 
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(continued) 



Sample 


Component A 
EDOTdrywt% 


Component B Wrt- 
cobond 232 dry 
wt% 


Nominal coverage 
g/m 2 


SER log 
ohm/square 50% 
RH before 
processing 


SER log 
ohms/square 50% 
RH after C-41 
processing 


7 


20 


80 


0.3 


8.4 


9.8 


8 


20 


80 


0.6 


7.8 


9.3 


9 


20 


80 


1.0 


7.2 


8.9 



[0059] It is clear that all these samples prepared as per the present invention with EDOT as component A and Wit- 
cobond 232 as component B have excellent conductivity before and after C-41 processing and, thus, are effective as 
"process-surviving" antistatic layers which can be used as outermost layers without any protective topcoat which serves 
as a barrier layer. 

[0060] The SER value of sample 4 was measured at low relative humidity, as shown in the following table. Clearly, 
the sample has excellent SER value even at 5% relative humidity consistent with electronic conductivity of the antistatic 
layer of the present invention. . . 



Sample 


SER log ohm/square 
20% RH 


SER log ohm/square 5% 
RH 


4 


. - • 6.9 


, -7 



[0061] The following samples 10-12 are very similar to samples 4-6, respectively, except samples 10-12 did not use 
any crosslinking agent. Details about the composition and nominal dry coverage of these samples and the correspond- 
ing SER values before and after C : 41 coior photographic processing are provided in the following table. - * - ( - * * "? 



Sample 


J' .Component A, . 
EDOT dry wt.%\ 


...Component B Wrt- . 
cobond 232 dry 
wt.% - ' ' ? * 


Nominal coverage. 
g/m 2 , 


. SER log -- ^ > 
ohm/square 50% 
: ' RH before 
: "~ processing ' : r ** 


SER log; - . 
ohms/square 50% 
• RH after C-41 * 
■ %\ ? processing % " 




10 ". fcH v 


"* ~" 90 


^ ]r : . 7 o.3, : : .,.. r 








-~ ^ ^ ^1 0 iV^-O^-i 










-12" " 


• ;: ' " 10 %i 




\" - 


. " 8\ \ v 





[0062] It is clear .that all these samples prepared as per the present invention without any crosslinking agent have 
excellent conductivity before and. after. C-41 processing and, thus, are also effective as "process-surviving" antistatic 
layers without the presence of any crosslinking agent. ^ 

[0063] Samples 13-15 were prepared as per the present invention with PPy as component A and Witcobond 232 
as component B. All these samples contained a small amount of Pluronic F 88 and cross-linking agent Neocryl CX-1 00. 
in relative amounts similar to those of samples 1-9. Details about the composition and nominal dry coverage of these 
samples and the corresponding SER values before and after C-41 color photographic processing are provided in the 
following table. 
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Sample 


Component A PPy 
dry wt.% 


Component B Wit- 
cobond 232 dry 
wt.% 


Nominal coverage 
g/m 2 


SERlog 
ohm/square 50% 
RH before 
processing 


SER log 
ohms/square 50% 
RH after C-41 
processing 


13 


25 


75 


0.3 


9.4 


9.0 


14 


25 


75 


0.6 


9.4 


9.3 


15 


25 


75 


1.0 


9.4 


10.1 



[0064] It is clear that all these samples prepared as per the present invention with PPy as component A and Wit- 
cobond 232 as component B have excellent conductivity before and after C-41 processing and, thus, are effective as 
"process-surviving" antistatic layers which can be used as outermost layers without any protective topcoat. 
[0065] Samples 16-18 were prepared as per the present invention with PPy as component A and Sancure 898 as 
component B. All these samples contained a small amount of Pluronic F 88 and cross-linking agent Neocryl CX-100, in 
relative amounts similar to those of samples 1 -9. Details about the composition and nominal dry coverage of these sam- 
ples and the corresponding SER values before and after C-41 color photographic processing are provided in the follow- 
ing table. 



Sample 


Component A PPy 
dry wt.% 


Component B San- 
cure 898 dry wt.% 


Nominal coverage 
g/m 2 


SERlog 
ohm/square 50% 

RH before 
■ processing 


SER log 
ohms/square 50% 
RH after C-41 
processing * 


16 


20 


80 


0.3 


8.6 


9.0 


17 


20 


80 


0.6 


8.4 


9.1 


18 


20- 


- 80- ^ 


- 1.0 •. - ; ; : . 


- — 8.2 .■ 





[0066] It is clear that all these samples prepared as per the present invention with PPy as component A and San- 
cure 898 as component B have excellent conductivity before and after C-41 processing and, thus, are effective as "proc- 
ess-surviving" antistatic layers which can be used as outermost layers without any protective topcoat 
[0067] In order to assess the abrasion resistance of the samples prepared as per the present invention, Taber abra- 
sion tests were performed on samples 3. 6, 12 and 15 and the results were compared with that of a coating of Wit- 
cobond 232 with the same nominal dry coverage of 1 g/m 2 (containing 5% by dry weight of Neocryl CX-1 00 crosslinking 
agent). The latter coating was chosen for comparison, since it is a preferred topcoat with the necessary physical char- 
acteristics for scratch and abrasion resistance for motion picture print films, as per U.S. Pat No. 5,679,505. The Taber 
haze values for samples 3, 6, 1 2 and 1 5. prepared as per the present invention, were found to be very close (within 1 5% 
deviation) to that of the coating per U.S. Pat No. 5,679,505. This demonstrates that the present invention as a single, 
outermost antistatic layer, with or without a crosslinking agent, provides the same protection to scratch and abrasion as 
the protective topcoat of U.S. Pat No. 5,679,505. 

COMPARATIVE SAMPLES • ■■ . - 

[0068] Comparative samples, Comp.1 and 2, were prepared with component A being PPy and component B being 
a 1 :1 (by weight) polyurethane blend of Witcobond 232 and Bayhydrol PR 240, supplied by Bayer Corporation. Bayhy- 
drol PR 240 is a much softer polyurethane than Witcobond 232 and the requirement for the mechanical properties, as 
specified in the present invention, are not met in comparative samples Comp.1 and 2. Both comparative samples 
Comp.1 and 2, contained a small amount of Pluronic F 88 and cross-linking agent Neocryl CX-100, in relative amounts 
similar to those of samples 1 -9. Details about the composition and nominal dry coverage of these samples and the cor- 
responding SER values before and after C-41 color photographic processing are provided in the following table. 
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Sample 


Component A 


Component B 1:1 


Nominal coverage 


SER log 


SER log 


5 




PPy dry wt.% 


blend of Witcobond 


g/m 2 


ohm/square 50% 


ohms/square 50% 








232andPR240dry 




RH before 


RH after C-41 








wt.% 




processing 


processing 


10 


Comp.1 


30 


70 


1.0 


8.3 


8.6 


Comp.2 


20 


80 


1.0 


9.1 


9.5 



[0069] It is clear that comparative samples Comp.1 and 2 have very good SER values before and after C-41 color 
photographic processing. However, the Taber haze values for comparative samples Comp.1 and 2 were - 60% which 
75 is unacceptable as an abrasion resistant layer. This clearly demonstrates the inferiority of comparative samples Comp. 1 
and 2 to samples prepared as per the present invention. 

[0070] Aqueous colloidal dispersion of vanadium pentoxide, as described in U.S. Pat. Nos. 4,203,769; 5,006,451 ; 
5,221,598 and 5,284,714 was mixed with an aqueous dispersion of Witcobond 232, in 1 :1 weight ratio. This resulted in 
coagulation of the mixture, rendering it unsuitable for coating. This indicates that the preferred antistatic component and 
20 the abrasion resistant polyurethane of U.S. Pat. No.5.679,505, could not be combined and coated in a simple manufac- 
turing process as an outermost, single antistatic, scratch and abrasion resistant layer, such as the one taught by the 
present invention. 

[0071] Aqueous dispersion of PPy was mixed with an aqueous dispersion of Witcobond 232 in 20:80 ratio, without 
any pH adjustment. This resulted in coagulation of the mixture, rendering it unsuitable for coating. This indicates that 
25 pH adjustment is a critical step in preparing the coating solutions for some preferred polyurethane binders as per the 
present invention. _ ■ . . . • - 

Claims 

30 1. An imaging element comprising: 
- a support; 

an image-forming layer superposed on the support; and 

an electrically-conductive layer superposed on the support; said electrically-conductive layer comprising an 
35 electrically-conductive polymer and a polyurethane film-forming binder having a tensile elongation to break of ' 

at least 50% and a Young's modulus measured at 2% elongation of at least 50000 psi. 

2. The imaging element of claim 1 wherein the support is selected from the group consisting of cellulose nitrate film, 
cellulose acetate film, polyvinyl acetal) film, polystyrene film, poly(ethylenejerephthajate) filra pqly(ethylene naph- * 

40 thalate) film, polycarbonate film, polyethylene films, polypropylene films, glass, metal and paper • ~ 

3. The imaging element of claim 1 wherein the electrically-conducting polymer comprises substituted pyrrole-contain- 
ing polymers, unsubstituted pyrrole-containing polymers, substituted thiophene-containing polymers, unsubstituted 
thiophene-containing polymers, substituted aniline-containing polymers and unsubstituted aniline-containing. 

45 

4. The imaging element of claim 1 wherein the electrically-conducting layer further comprises a crosslinking agent 

5. The imaging element of claim 1 wherein the electrically-conducting layer further comprises a lubricating agent. 

so 6. The imaging element of claim 1 wherein the electrically-conducting polymer comprises from 0. 1 -99 weight % of the 
electrically conducting layer. 

7. The imaging element of claim 1 wherein the electrically conducting layer further comprises sulfonated polysty- 
renes, copolymers of sulfonated styrene-maleic anhydride or polyester ionomers. 

55 

8. The imaging element of claim 1 wherein the electrically-conducting layer comprises a dry weight coverage of 
between 5 mg/m 2 and 1 0,000 mg/m 2 
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I. A photographic element comprising: 
a support; 

an silver halide image-forming layer superposed on the support; and 

an electrically-conductive layer superposed on the support; said electrically-conductive layer comprising of an 
electrically-conductive polymer 3,4-dialkoxy substituted polypyrrole styrene sulfonate and a polyurethane film- 
forming binder having a tensile elongation to break of at least 50% and a Young's modulus measured at 2% 
elongation of at least 50000 psi. 

0. An imaging element comprising: 

a support; 

an image-forming layer superposed on the support; and 

an electrically-conductive layer superposed on the support; said electrically-conductive layer selected from the 
group consisting of polypyrrole styrene sulfonate,3,4-dialkoxy substituted polythiophene styrene sulfonate and 
a polyurethane film-forming binder having a tensile elongation to break of at least 50% and a Young's modulus 
measured at 2% elongation of at least 50000 psi. 

1. An imaging element comprising: 

a support; 

an image-forming layer superposed on the support; and 

an electrically-conductive layer superposed on the support; said electrically-conductive layer selected from the 
group consisting of polypyrrole styrene sulfonate, 3,4-dialkoxy substituted polypyrrole styrene sulfonate, 3,4- 
dialkoxy substituted polythiophene styrene sulfonate and a polyurethane film-forming binder having a tensile 
elongation to break of at least 50% and a Young's modulus measured at 2% elongation of at least 50000 psi. 
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